Low emittance sub-picosecond electron pulses are expected to be used in a wide field, such as free electron laser, laser acceleration, femtosecond X-ray generation by inverse Compton scattering, and pulse radiolysis, etc. In order to produce the low emittance sub-picosecond electron pulses, we are developing a compact racetrack microtron (RTM) with a new 5 MeV injection system adopting an laser photo cathode RF gun [l]. The operation of RTM is kept under the steady state of beam loading for long pulse mode so far [2] . We have investigated for the first time by numerical simulation in the case of short-and single-pulse acceleration. As the results, RTM is also useful to accelerate a picosecond electron pulse under a transient state of beam loading. In the simulation, a picosecond electron pulse is accelerated to 139 MeV in RTM for the injection of about 5 MeV pulse with pulse length of 3 picoseconds, charge of 1 nC per pulse, and emittance of 1.8mm mrad, which corresponds of output of the RF gun.
INTRODUCTION
Ultra-short and low emittance electron beams are indispensable tool for the 'physical chemistry investigation in ionisation and excitation processes of various kind of materials. Further, high quality X-ray beam with the pulse length of the pico-to femtosecond time region can be generated by the Inverse Compton Scattering process between high-brightness and short pulse laser light and the high quality electron beam [l-31.
One of the most powerful methods to generate the high quality electron beam is considered to apply a photo cathode RF gun system in the combination with racetrack Microtron (RTM). Recent somewhat long electron pulse length at around a few microseconds and relatively low peak current, lOmA at the maximum. When we apply the combination of RTM with photo cathode RF gun as the injection system, we have to investigate the behaviours of electron beams on the condition of transient beam loading and effect of chicane magnets for the 5MeV electron injection. The system configuration is shown in Fig. 1 . The effects of space charge and synchrotron radiation while acceleration would next be taken into account.
In the first step of the simulation, we have calculated the output beam characteristics obtained from photo cathode RF gun using MAGIC code. In the second step, we have calculated the final beam characteristics as the output from RTM using a modified SUPERFISH code to treat the time dependent acceleration field. 
RFGUN
RF gun using for our simulation is based on so-called BNL type, 1.6 cell s-band cavity structure. to several hundreds of pC, however, acceptance of RTM is much limited and we selected the above parameters for the complete acceptance to RTM
MICROTRON
The major components of RTM are two 180 degree bending magnets placed on both end-sides with reverse field one in front of each, one s-band accelerating structure of 0.5 m long placed on the mid-portion of the first orbit near the injection point, and the RF gun as the injector. Here, except this new injection scheme, other sub-systems are precisely the same as the normal parameters of IS0 MeV RTM. This means that the optimisation of parameters for high energy and low emittance electron injection does not carried out in this study. The principal parameters of RTM for the numerical calculation are shown in Table 1 MeV. Thus, about 7.5% of stored energy is taken away by the beam which enforces about 3.8% decline of electric field upon the cavity when no refill of RF power is assumed. We have calculated the beam transmittance while circulating in RTM and the emittance after the acceleration are shown in Figs. 3 and 4 Other and better way is to be change the system at the first orbit to avoid the reverse magnet and the beam can accelerate through the achromatic orbit.
